Maisonneuve fractures are rare ankle injuries, accounting for up to 7% of all ankle fractures. They consist of a proximal third fibula fracture, syndesmotic disruption, and medial ankle injury (either a deltoid ligament disruption or a medial malleolus fracture), and are often successfully managed with nonoperative treatment of the proximal fibula fracture and open reduction and internal fixation (ORIF) of the medial ankle injury and syndesmotic disruption. The hyperplantarflexion variant ankle fracture comprises approximately 7% of all ankle fractures and features dual posterior tibial lip fractures featuring a posterolateral fragment and a posteromedial fragment. Good functional results have been reported in the literature after ORIF of both the posterolateral and posteromedial fragments of this variant fracture that is not described by the Lauge-Hansen classification. In this report, the authors present the unique case of an isolated ankle fracture demonstrating characteristics of both a Maisonneuve fracture and a hyperplantarflexion variant ankle fracture. They also highlight the diagnostic imaging characteristics, including magnetic resonance imaging (MRI) and preoperative radiograph findings, surgical treatment, and postoperative clinical outcome for this patient with a Maisonneuve-hyperplantarflexion variant ankle fracture. To the authors' knowledge, this unique fracture pattern has not been reported previously in the literature. The authors conclude that although good results were seen postoperatively in this case, the importance of ORIF of both the posteromedial and posterolateral fragments of variant fractures cannot be overstated. They also found MRI to be a particularly helpful adjunct in formulating the correct diagnosis and treatment plan.
A
Maisonneuve fracture is an injury pattern consisting of a proximal third fibula fracture, syndesmotic disruption, and either a deltoid ligament tear or a medial malleolus fracture. [1] [2] [3] Maisonneuve fractures, which account for 1% to 7% of ankle fractures, often undergo successful nonoperative treatment of the proximal fibular fracture and open reduction and internal fixation of the medial ankle injury and syndesmotic disruption. 4 A hyperplantarflexion variant ankle fracture consists of a double vertical fracture of the posterior tibial lip separated by a sagittal fracture line. 5 This variant, not described by the Lauge-Hansen classification, may require osteosynthesis of both the posterolateral and posteromedial fragments to achieve good functional outcomes postoperatively and has been reported to account for approximately 8% of malleolar fractures. 6 The authors report an unusual case of an isolated ankle fracture with characteristics of both a Maisonneuve fracture and a hyperplantarflexion variant ankle fracture, highlighting the clinical and diagnostic imaging findings, surgical treatment, and postoperative clinical outcome. To the authors' knowledge, such a case has not been described previously.
Case RepoRt
A 45-year-old man had a right ankle injury during a fall that occurred while he was riding a bicycle. He presented to the emergency department with ankle pain, swelling, and instability. Clinical examination showed a closed ankle injury with pronounced edema, ecchymoses, and tenderness to palpation around the ankle. The patient had no neurovascular dysfunction. Injury radiographs showed a proximal third fibula fracture and medial malleolar fracture consistent with a Maisonneuve fracture as well as a posterior malleolar fracture and tibiotalar dislocation (Figures 1-2) . The tibiotalar dislocation was reduced, and the patient was placed in a well-padded splint. The patient was admitted to the orthopedic trauma service and underwent magnetic resonance imaging (MRI) to better define the osseoligamentous injury pattern. Preoperative MRI scan showed a hyperplantarflexion variant fracture, as noted by the posterior tibial lip fracture, with a posteromedial fragment and a posterolateral fragment (Figure 3) . Additionally, the interosseous membrane, anterior talofibular ligament, and anterior inferior tibiofibular ligament showed disruption, The patient underwent open reduction and internal fixation of the right Maisonneuve-hyperplantarflexion variant ankle fracture the next day. After prone positioning of the patient, a standard posterolateral approach to the ankle was used, exposing the posterior aspect of the fibula and the posterolateral fracture fragment. The posterolateral fragment was addressed first with anatomic reduction and fixation using a 6-hole 2.4-mm dynamic compression plate and an additional screw with a washer placed adjacent to the plate. The posterior inferior tibiofibular ligament was noted to be attached intact to this posterolateral fragment. Attention was then turned to the posteromedial fragment, which was addressed via a posteromedial approach using the interval between the flexor digitorum longus and the flexor hallucis longus, with careful anteromedial retraction of the neurovascular bundle. The posteromedial fragment, which included the posterior colliculus of the medial malleolus, was anatomically reduced and fixated with an 8-hole 2.4-mm dynamic compression plate. The syndesmosis was then stressed intraoperatively, and the tibiofibular clear space was widened. Subsequently, transsyndesmotic fixation was performed with 2 screws of 3.5 mm that were placed through a 3-hole one-third tubular plate. The syndesmosis was again stressed, but showed no instability. The proximal fibula fracture did not undergo fixation.
Postoperatively, the patient was immobilized in a lower-leg splint and was made non-weight bearing. At the 2-week postoperative visit, the patient was advanced to a controlled ankle movement boot, and aggressive ankle range of motion (ROM) exercises were initiated. The status was advanced to weight bearing as tolerated, and the controlled ankle movement boot was discontinued at the 6-week postoperative visit (Figure 4) . The patient underwent removal of the 3-hole one-third tubular plate and transsyndesmotic screws 3 months after the index procedure. At the 8-month postoperative visit, the patient had a normal gait, 5/5 ankle dorsiflexion and plantarflexion strength, 10° of dorsiflexion, 30° of plantarflexion, 25° of eversion, and 35° of inversion. Ankle radiographs showed a well-healed ankle fracture. The patient resumed cycling without incident.
DisCussion
The authors have presented an unusual case of a Maisonneuve fracture with dual posterior fracture fragments consistent with a hyperplantarflexion variant ankle fracture. Because no current classifications or eponymous fracture designations comprehensively describe the ankle fracture presented in the authors' report, they believe that Maisonneuve-hyperplantarflexion variant ankle fracture is the best descriptive term. To the authors' knowledge, this unique fracture pattern has not been reported previously. Historically, Maisonneuve fractures were believed to occur secondary to an external rotation force that resulted in medial ankle injury, creating either a medial malleolus fracture or a deltoid ligament tear, with the force then propagating proximally through the interosseous membrane and exiting laterally, culminating in a proximal third fibula fracture. The authors also reported interosseous membrane disruption at the ankle in all patients, however, noting that the interosseous membrane was disrupted proximally in only 80% of their study cohort. Manyi et al 13 used MRI to evaluate 12 patients with Maisonneuve fracture preoperatively and found that 100% showed interosseous membrane disruption within the distal third of the leg. However, they noted no interosseous membrane disruption at the level of the proximal fibula fracture in any patient. Preoperative MRI assessment of the patient in the authors' report showed disruption of the interosseous membrane at the ankle as well as disruption of the anterior talofibular ligament and the anterior inferior tibiofibular ligament, but did not show disruption of the posterior inferior tibiofibular ligament. Although disruption of the distal interosseous membrane, anterior talofibular ligament, and anterior inferior tibiofibular ligament seems to be consistent, further investigation with a larger cohort of patients with Maisonneuve fracture is needed to determine the incidence of ligamentous injury, particularly of the posterior inferior tibiofibular ligament and the proximal interosseous membrane. In the current case, MRI was also effective in identifying the dual posterior tibial lip fracture fragments, designating the injury as a hyperplantarflexion variant fracture. Plain ankle radiographs have been reported to show poor reliability in the assessment of posterior ankle fracture fragments. In a case series of 10 variant fractures, Weber 6 noted good functional outcomes when both fracture fragments of the posterior tibial plafond underwent osteosynthesis and also reported an average ankle ROM within 5° of the ROM of the uninjured side at 1-year follow-up. Reports of patients with both Maisonneuve fracture and hyperplantarflexion variant fracture are comparable with those of the patient with Maisonneuve-hyperplantarflexion variant ankle fracture presented in this report. The current patient showed 5/5 ankle dorsiflexion and plantarflexion strength, eversion and inversion ROM symmetric with the contralateral ankle, and minimally reduced dorsiflexion and plantarflexion ROM, and he returned to his previous athletic activity.
ConClusion
The current report presents an example of a Maisonneuve-hyperplantarflexion variant ankle fracture in which external rotation force in conjunction with ankle hyperplantarflexion may result in osseoligamentous injury to the medial and posterior ankle, syndesmosis, and proximal fibula. Although good results were seen postoperatively, the importance of open reduction and internal fixation of both the posteromedial and posterolateral fragments of variant fractures cannot be overstated. The authors also found MRI a particularly helpful adjunct in formulating the correct diagnosis and treatment plan.
